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[Scope of the Claim] 
10 [Claim 1] 

A picture diagnosing apparatus for generating a three-dimensional picture 
constituted by a plurality of slice section pictures with shadows attached thereto, 
characterized in that said picture diagnosing apparatus is operative to generate said 
shadows each corresponding to an opacity value of a sUce section picture. 
15 [Detailed Explanation of the Invention] 
[0001] 

[Industrial Field in which the Invention is Used] 

The present invention relates to a picture diagnosing apparatus, and in 
particular to a picture diagnosing apparatus for generating a three-dimensional picture 
20 constituted by a plurality of slice section pictures with shadows attached thereto. 
[0002] 

[Description of the Prior Art] 

A conventional picture diagnosing apparatus of this type is operative to 
generate a plurality of slice section pictures taken at a predetermined distance spaced 

25 apart from one another along, for example, a body axis direction. The conventional 
picture diagnosing apparatus is then operative to select information on internal organs 
such as for example a stomach, a liver, a kidney, and the like from among the slice 
section pictures by, for example, binarizing the slice section pictures, and generate 
three-dimensional pictures of the stomach, the liver, the kidney, and the like 

30 constituted by the sUce section pictures thus selected. 
[0003] 

While generating the three-dimensional pictures of the stomach, the liver, the 
kidney, and the like constituted by the slice section pictures, the conventional picture 
diagnosing apparatus is operative to attach shadows to the surfaces of the stomach, the 
35 liver, the kidney, and the like through the steps of determining a view point to the 
three-dimensional pictures, measuring distances to the three-dimensional pictures, and 
calculating brightness degrees of the three-dimensional pictures in accordance with 
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the measured distances. 
[0004] 

[Problems to be Solved by the Invention] 

The conventional picture diagnosing apparatus thus constructed, however, 
5 encounters a drawback that the three-dimensional pictures of the stomach, the liver, 
the kidney, and the like thus generated are displayed on a screen as if the stomach, the 
liver, the kidney, and the like are composed of the same tissue or component because 
of the fact that the shadows are attached to them on the basis of the brightness degrees 
calculated in accordance with their distances measured from the view point only. 
10 [0005] 

Observing the three-dimensional pictures thus generated by the conventional 
picture diagnosing apparatus, the internal organs such as for example the stomach, the 
hver, the kidney, and the like have been distinguished from one another with their 
shapes and positions. 
15 [0006] 

It has been long desired to provide three-dimensional pictures in which the 
internal organs such as for example the stomach, the liver, the kidney, and the Uke are 
explicitly distinguishable with their shadows. 
[0007] 

20 It is an object of the present invention to provide a picture diagnosing 

apparatus for generating a three-dimensional picture constituted by a plurality of slice 
section pictures with shadows respectively corresponding to the internal organs so 
that the internal organs such as for example the stomach, the liver, the kidney, and the 
like can be expUcitly distinguishable with their shadows. 

25 [0008] 

[Measures to Solve the Problems] 

In order to attain the above-described object, the picture diagnosing 
apparatus according to the present invention for generating a three-dimensional 
picture constituted by a plurality of slice section pictures with shadows attached 

30 thereto is characterized in that the picture diagnosing apparatus is operative to 
generate the shadows each corresponding to an opacity value of a slice section 
picture. 
[0009] 
[Function] 

35 The picture diagnosing apparatus thus constructed is operative to generate the 

shadows each corresponding to an opacity value of a slice section picture, for example 
a CT (Computerized Tomography) value. 
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[0010] 

The CT value herein used is intended to mean a relative value representative 
of an X-ray absorption in the case of an X-ray CT apparatus, and each of the internal 
organs has a unique CT value. 
5 [0011] 

This means the fact that the picture diagnosing apparatus according to the 
present invention, which generate shadows in accordance with the CT values, can 
generate shadows respectively corresponding to internal organs. 
[0012] 

10 This leads to the fact that the picture diagnosing apparatus according to the 

present invention can attach to the internal organs the shadows respectively 
corresponding thereto. 
[0013] 

[Embodiment of the present invention] 
15 FIG. 1 is a block diagram explaining an embodiment of a picture diagnosing 

apparatus according to the present invention. 
[0014] 

The process performed by a microcomputer in an image processing unit of 
the picture diagnosing apparatus will be described hereinlater with reference to the 
20 flowchart shown in FIG. 1. The process comprises the following seven steps. 
[0015] 

Step SI: A plurality of slice section pictures, i.e., #1, #2, . . ., #n are taken at a 
predetermined distance spaced apart from one another along, for example, a body axis 
direction in accordance with a predetermined number of the slice section pictures. 
25 The slice section pictures, i.e., #1, #2, #n are stored in respective memories with 
their brightness degree information having CT values. 
[0016] 

The CT value herein used is represented by: 1000 x (X-ray absorption of a 
tissue - X-ray absorption of water) x (X-ray absorption of water) in the case of an 
30 X-ray CT apparatus. 
[0017] 

Incidentally, each of the slice section pictures thus obtained is applicable to 
an X-ray CT apparatus, a magnetic resonance imaging apparatus, or the like. 
[0018] 

35 Step S2: Brightness degrees are readout from the slice section pictures #1, #2, 

#n and the brightness degrees thus readout are then binarized through a 
comparator. Binarized extracted pictures $1, $2, $n respectively corresponding 



to the slice section pictures #1, #2, #n are then obtained. Each of the binarized 
extracted pictures $1, $2, $n thus obtained has the value of "1" under the 
condition that the portion of each of the binarized extracted pictures $1, $2, $n is 
associated with an internal organ. Each of the binarized extracted pictures $1, $2, . . ., 
5 $n thus obtained has the value of "0" under the condition that the portion of each of 
the binarized extracted pictures $1, $2, . . ., $n is not associated with an internal organ. 
[0019] 

Step S3: A three-dimensional picture to be displayed on a screen is generated 
on the basis of the binarized extracted pictures $1, $2, $n, and shadows are 
10 attached to the three-dimensional picture by means of a so-called depth shading 
process. 
[0020] 

The depth shading process has been conventionally and publicly practiced. 
In the present embodiment, the shadows thus attached will be converted, which will 
15 be described later. 
[0021] 

Step S4: Brightness degrees are readout from the sUce section pictures #1, #2, 
#n. The portions of the binarized extracted pictures respectively having the 
value of "1" as well as the same address information are selected (this means that 
20 brightness degrees of the slice section pictures constituting the internal organs such as 
for example a stomach, a liver, a kidney, and the like are selected), and sectioned 
extracted pictures &1, &2, &n respectively corresponding to the slice section 
pictures #1, #2, #n are then obtained. The step S4 is performed simultaneously 
with the step S2. 
25 [0022] 

As will be seen from the drawings, the sectioned extracted pictures &1, &2, 
&n respectively correspond to the binarized extracted pictures $1, $2, $n and 
have brightness degree information having CT values indicative of the internal organ 
information. 
30 [0023] 

Step S5: A picture to be displayed on a screen is generated on the basis of the 
brightness degree information of the sectioned extracted pictures &1, &2, &n. 
The step S5 is performed simultaneously with the step S3. 
[0024] 

35 The picture generated in the step S5 is similar to the three-dimensional 

picture generated in the step S5 in the view point. This means that the 
three-dimensional picture generated in the step S3 is a two-dimensional picture seen 
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from a view point while, on the other hand the picture generated in the step S5 is 
generated on the basis of the sectioned extracted pictures &1, &2, . . ., &n respectively 
corresponding to the binarized extracted pictures $1, $2, $n, which have the same 
address information of the sectioned extracted pictures &1, &2, . . ., &n. 
5 [0025] 

Here, the brightness degree information obtained from the sectioned 
extracted pictures &1, &2, &n is converted in accordance with the following 
mathematical expression (1) before the picture is generated. 
[0026] 

10 L = A + B-\cosi\5' +C-\cose\5^ +D-L^ ■■■ (1) 

A, B, C, and D are constant values, and Lq is a brightness degree of a back object 

when the object is transparent. 

[0027] 

The meaning of the mathematical expression (1) will be described hereinlater 
15 with reference to FIG. 2. 
[0028] 

In FIG. 2, it is assumed that a light 31 is projected on CT pictures 
corresponding to the sectioned extracted pictures &1, &2, &n to form a picture on 
a view point plane 34. The above-described mathematical expression (1) is applied 
20 under the assumption that an incident angle of the light 31 to a point P on the CT 
picture should be "i", and an angle of a line passing through the point P and a point P' 
corresponding to the point P on the view point plane 34 in relation to the reflection 
angle of the point P should be "e". 
[0029] 

25 Wherein 8 ' and 5 ^ are calculated on the basis of the brightness information 

(CT) obtained from the sectioned extracted pictures &1, &2, &n and the binarized 
extracted pictures $1, $2, $n. 
[0030] 

FIG. 3 shows a map used to calculate 8 ^ and 8^ on the basis of the 
30 aforementioned brightness information (CT). 8 ^ characteristic is illustrated with a 
full line and 8 ^ characteristic is illustrated with a dotted line in FIG. 3. This means 
that the value of <5 Ms obtained with reference to a left vertical axis and the value of 
5 ^ is obtained with reference to a right vertical axis in response to the same CT 
value. 
35 [0031] 

As will be understood from the foregoing description, the brightness degree 
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can be calculated on the basis of the CT value in accordance with the aforementioned 

mathematical expression (1). 

[0032] 

The d ^ characteristic and the 5 ^ characteristic shown in FIG. 3 can be 
5 respectively obtained from an empirical rule. 
[0033] 

As will be understood from the foregoing description, the shadows generated 
in the step S5 have CT values. Therefore, the shadow attached to the surface of, for 
example, the stomach is different from the one attached to the surface of, for example, 
10 the liver, thereby making it possible for an operator to distinguish the stomach from 
the liver. Furthermore, the shadow appropriate to, for example, the stomach, the 
liver, or the like may be generated by adjusting the 8 ^ and 8 ^ characteristics. 
[0034] 

Step S6: the shadows generated and attached to three-dimensional picture in 
15 step S3 are converted into the shadows generated in the step S5. The operation of 
converting the shadows can be easily performed because of the fact that the same 
internal organ has the same address information in the respective memories. 
[0035] 

Step S7: A unique shadow is attached to each of the internal organs in a 
20 manner that, for example, the stomach and the liver have respective unique shadows, 
thereby making it possible for an operator to distinguish the stomach from the liver at 
a glance. 
[0036] 

Furthermore, the three-dimensional picture information stored in the 
25 memories can be later outputted to an exterior device such as for example CRT. 
[0037] 

As described in the above, the present embodiment of the picture diagnosing 
apparatus is operative to attach shadows to the three-dimensional picture in 
consideration of the CT values of the slice section pictures #1, #2, . . . , #n. 
30 [0038] 

The CT values are, for example, relative values representative of X-ray 
absorptions in the case of an X-ray CT apparatus, and each of the internal organs has 
a unique CT value. This means that the present embodiment of the picture 
diagnosing apparatus can attach to the internal organs the shadows respectively 
35 corresponding to the internal organs. 
[0039] 

This leads to the fact that the present embodiment of the picture diagnosing 



apparatus can attach to the internal organs the shadows in a manner that the internal 
organs such as for example the stomach, the liver, the kidney, and the like can be 
explicitly distinguishable with their shadows. 
[0040] 

5 While it has been described in the present embodiment that a conventional 

shadow is generated in the step S3 and the conventional shadow is converted into a 
novel shadow in the step S6, it is needless to mention that the novel shadow may be 
directly attached to the picture without converting the conventional shadow. The 
present invention may be applied to, for example, the picture shown in FIG. 4, 
10 through the steps of extracting planes having the same brightness degree from the 
picture, and attaching to the planes the shadows respectively corresponding to the 
brightness degree of the planes. 
[0041] 

According to the present invention, the shadows may be attached to the 
15 pictures at any time as long as the shadow is generated in consideration of the 

brightness values of the slice section pictures. 

[Effect of the Invention] 

From the foregoing description, it is to be understood that the picture 

diagnosing apparatus according to the present invention can attach to the internal 
20 organs the shadows in a manner that the internal organs can be explicitly 

distinguishable with one another. 

[Brief Description of the Drawings] 

FIG. 1 is a flowchart explaining a process performed by an embodiment of a 

picture diagnosing apparatus according to the present invention. 
25 FIG. 2 is a diagram explaining a mathematical expression applied to an 

embodiment of the picture diagnosing apparatus according to the present invention. 

FIG. 3 is a map used to apply CT information to the mathematical expression 

shown in FIG. 2. 

[Description of Notations] 
30 #1 , #2, . . . , #n Slice section pictures 

$ 1 , $2, . . . , $n Binarized extracted pictures 

&1 , &2, . . . , &n Sectioned extracted pictures 

[Abstract] 

PURPOSE: To clearly distinguish each internal organ by allowing the processing of 
35 shadow to include information corresponding to the density value of each sUce section 
picture information 

CONSTITUTION: Brightness degree information is successively read out from slice 
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section pictures #1 to #n and are binarized to obtain binarized and extracted pictures 
$1 to $n (S2), and a three-dimensional picture is constituted by operation and shadow 
is added (S3). Brightness degree information is read out from the sUce section 
pictures #1 to #n, and at this time, information of the same addresses as information 
indicating parts of internal organs in binarized and extracted pictures $1 to $n, namely, 
only brightness degree (including CT values) information constituting internal organs 
such as for example a stomach and a liver are extracted to obtain sectioned and 
extracted pictures &1 to &n (S4). A picture is constituted by brightness degree 
information selected from respective brightness degree information of sectioned and 
extracted pictures &1 to &n (S5). The shadow formed in this case includes CT 
values, and shadows added to surfaces of the stomach and the liver are different from 
each other, and consequently, they are explicitly distinguishable. 
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